Introduction: Irreversible hydrocolloids have been used in dental practice for decades and their pouring time has been suggested to be as short as possible; however the latest generation of alginates exhibit better properties, which could influence the fidelity of the casts. Objective: To evaluate the linear dimensional stability of stone casts obtained using two irreversible hydrocolloid brands (Cavex ColorChange and Jeltrate) after disinfection. Material and methods: Samples were divided into 16 groups (n = 10) according to brand, storage time and disinfection. Impressions were taken of a metallic master model made of stainless steel with two abutments. Cast models were obtained using type IV gypsum, after disinfection with sodium hypochlorite at 1% or without any disinfection followed by storage for four different times (immediate pouring, and after 24, 72 or 120 hours storage after obtaining the impressions) and the models were measured with a digital caliper. Data were submitted to ANOVA 3-way followed by Tukey's test (α < 0.05). Results: A statistically significant difference was detected with Jeltrate Plus after 72 and 120 hours in storage (with and without disinfection), as well as Cavex without disinfection. Differences were found for Cavex with disinfection/24 hours storage, when compared to immediate
pouring (P < 0.05). The alginates presented similar behavior regarding disinfection for the same time (P > 0.05). Conclusion: Storage longer than 24 hours affects the fidelity of casts. Disinfection does not promote significant alteration at any of the experimental times with either material.
Being aware of the importance and complexity of infectious disease prevention and knowing that dimensional fidelity and reproduction of anatomic details are important requirements for the impressions used to create gypsum models, this study aimed to evaluate the dimensional alterations of two commercial brands of irreversible hydrocolloids current ly on t he ma rket. The hydrocolloid impressions were disinfected with sodium hypochlorite 1% after which we verified whether any alteration of their dimensional accuracy might occur and whether this alteration might vary with immediate or late pouring. Therefore, the null hypotheses tested were (1) no dimensional alteration of impressions would occur after different storage times and (2) disinfection would not promote dimensional alteration after different storage times.
Material and methods
A stainless steel matrix with two cylindrical elevations, designed to simulate two abutment teeth [9, 15] was used in this study (figure 1). The largest and smallest distances between abutments were measured using a digital caliper (Mitutoyo Absolute Digimatic Caliper, Kawasaki, Japan) [9] producing values of 24.05 mm and 15.93 mm, respectively. The smallest measurement between pins was chosen as the one to be followed. This matrix was used as a standard model, and 160 irreversible hydrocolloid impressions were obtained: 80 using Cavex ColorChange (Cavex Holland BV, Haarlem, Netherlands) and 80 using Jeltrate Plus (Dentsply Caulk, Milford, DE, USA). 
Introduction
Increasing awareness of infectious diseases such as hepatitis B, acquired immunodeficiency syndrome (AIDS), tuberculosis, herpes simplex and other potentially transmitted ailments has required health professionals to double check their behavior in order to prevent cross-contamination. The responsibility for cleaning and disinfecting dental impressions before dispatching to the dental laboratory lies solely with the dentist [2] . Among impression materials, alginates have a disadvantage regarding the disinfection procedure due to their ability to lose or incorporate water, which leads to dimensional alterations of the material.
Obtaining irreversible hydrocolloid impressions is one of the most common procedures performed in a dental office as part of treatment planning and fabrication of appliances [12] , even though this material harbors three times more microorganisms than silicone impression material [5] . However, concerning the main causes of unsuccessful clinical results related to alginate, the phenomena of water absorption expansion (imbibition) and shrinkage due to loss of water through evaporation and syneresis, mainly due to factors such as storage conditions, might result in the production of inaccurate impressions [4] .
The American Dental Association (ADA) [1] advocates that impressions must be washed in running water to remove debris, blood and saliva and then disinfected with chemical solutions that are compatible with the impression materials. Due to the hydrophilic nature of alginates, which is responsible for their higher retention of bacteria, disinfection must be carried out with a product that requires little time to complete the disinfection process [17] .
Currently, there are extended-pour alginates that can keep their dimensional stability for 5 days until cast generation [14] . The possibility of storing impressions without consequent dimensional alterations would be an advantage of a material within the clinical setting, enabling the professional to conclude a procedure or send an impression to the laboratory in order to obtain the model, for example. However, the need for disinfection might alter this scenario when combined with late pouring.
The amounts of alginate powder recommended by the manufacturers were weighed with a highprecision scale (AW320, Shimadzu, São Paulo, Brazil) three times and the mean was used. The water was used at 23ºC and measured with a syringe for increased accuracy. For the Cavex ColorChange, 7.08 g powder was used for 15 ml water, while for Jeltrate Plus we used 7.37 g of powder for 15 ml water.
The irreversible hydrocolloids were mixed manually in a rubber bowl with a plastic spatula, always by the same operator and following the manufacturer's instructions. The mixing time was standardized at 30 seconds, and a homogeneous mass was obtained. The alginate was loaded onto a partial metallic perforated tray and seated on the metallic matrix. After 2 minutes, the impression tray was removed in a single movement parallel to the insertion axis, reducing the tendency to tear and minimizing interference in the material's elastic memory. All impressions were washed in running water for 30 seconds [8] simulating saliva removal and bacterial charge according to ADA specifications; however, only 80 of the impressions -40 Cavex ColorChange and 40 Jeltrate Pluswere treated with the sodium hypochlorite 1% spray for 10 minutes. The remaining 80 were only washed in running water for 30 seconds [20, 22] .
Each irreversible hydrocolloid brand was divided into eight groups according to storage time and whether or not disinfection with sodium hypochlorite 1% had been carried out: Cavex ColorChange (C) or Jeltrate Plus (J); storage time, immediate (0), 24 hours (1), 72 hours (3) and 120 hours (5); and with (c) or without (s) disinfection. This resulted in the following distribution: immediate pouring (C0c, C0s, J0c. J0s), pouring after 24 hours (C1c, C1s, J1c, J1s), after 72 hours (C3c, C3s, J3c, J3s), and after 120 hours (C5c, C5s, J5c, J5s). The 24, 72 and 120-hour storage impressions were individually placed into Ziplock-type plastic bags [9, 13] and stored in a plastic box, simulating the storage conditions of a clinical office. For each experimental condition, ten impressions were obtained according to table I. For the cast production at the pre-determined time, type IV gypsum [21] (Herostone, Vigodent, Petrópolis, RJ, Brazil) was manually mixed at a ratio of 50 g:11 ml, according to the manufacturer's instructions, by the same operator, with a 45-minutes wait for crystallization of all casts. After the gypsum had crystallized, the models were separated from the impressions with a single movement parallel to the insertion axis and the linear dimensional differences between the inter-abutment distances were measured with an electronic caliper (Mitutoyo 500-752-10, Tokyo, Japan), three repeated measurements were carried out, and the mean of the three measurements was obtained [21] (Kappa = 0.82).
Data were analyzed using SPSS 19 software (IBM Company, Armonk, NY, USA) with a statically significant level set at P < .05. The normality and homogeneity of the variances were tested by the Shapiro and Wilk [27] test and Levene's test, respectively. Three-way ANOVA was applied (alginate vs disinfection vs time), followed by Tukey's test (α < 0.05).
Results
The results (table I) revealed that there was no statistically significant difference (P > 0.05) in disinfection for the same material and time (Cavex ColorChange or Jeltrate Plus). However, when Jeltrate was compared to Cavex at each of the storage times, differences were found only for 120 h/without disinfection (P = 0.001).
When we compared each alginate and storage time, a difference was found between the Jeltrate Plus groups (P < 0.001), revealing material alteration after 24-hour storage time, regardless of whether or not samples were submitted to the disinfection process. For the remaining storage times tested (72 and 120 h), we found no significant differences between groups, regardless of disinfection (Jc3, Jc5, Js3 e Js5).
Wit h rega rd to Cavex ColorCha nge w it h disinfection at all storage times (Cc0, Cc1, Cc3 e Cc5), there was material alteration within 24 h (P < .05), whereas among the groups that were not disinfected, the alteration occurred only in the 72-hour storage time samples (P < 0.001), but was not statistically significant in the immediate and 24-hour storage groups (P = 0.758), similar to the Jeltrate groups, regardless of disinfection. 
Discussion
The results led to the rejection of null hypothesis 1 since the Jeltrate Plus groups after 72 and 120 h of storage presented statistically significant differences, as did the Cavex ColorChange groups after 24 h of storage. However, null hypothesis 2 was accepted since all groups exhibited similar behavior at all time-points after disinfection.
In order to plan and develop reliable prosthetic work, the alginate to be used has to faithfully reproduce mouth and dental elements. In addition, the material must maintain dimensional stability until gypsum pouring. It is a matter of concern whether the disinfection might compromise such stability. According to the Brazilian Health Ministry [3] , carrying out dental impression disinfection is necessary before the impressions can be sent to laboratories. The main infection transmission route from the patient to the dental technician occurs via contaminated impressions [13] .
Sodium hypochlorite 1% has extensive virucidal and bacterial spectra with effective action against hepatitis B, Mycobacterium tuberculosis and HIV after treatment for 10 minutes [22] . The effectiveness of spray disinfection and sodium hypochlorite 1% was demonstrated by Linhares et al. [16] in a clinical test in which they observed that of 176 impressions, only 2.27% did not present any contamination after being washed in running water. However, when the authors applied sodium hypochlorite 1% the result increased to 95.45% contamination-free impressions. The dimensional stability of alginate after spray disinfection using sodium hypochlorite 1% was demonstrated by Rueggerberg et al. [24] with immersion disinfection resulting in dimensional alteration. The results of this study confirmed literature reports. However, the reported studies evaluated the influence of disinfection only for immediate generated casts.
The immediate pouring of alginate impressions is known to be an important factor for dimensional stability; however, reality shows that it is not always possible, and if the material can withstand a certain storage time, the professional is helped considerably, conferring a great clinical advantage [28] . According to Imbery et al. [14] , materials should present properties such as precision and dimensional stability, which should not change with cleaning, disinfection or storage procedures. Lemos et al. [15] observed that alginate did not suffer dimensional changes when immediate pouring occurred. This statement was confirmed in the present study, in which there were no significant differences between any material with or without disinfection when cast production was immediate. Shaba et al. [26] indicated that the ideal time to obtain models is 10 minutes.
In this study, Cavex ColorChange with immediate pouring differed to the same material after 24 h, when sodium hypochlorite 1% was employed, contrary to the results reported by Guiraldo et al. [11] . However, the same material, without disinfection only presented dimensional changes after storage for 72 h, demonstrating that there are other interfering factors that might alter the performance of these materials, such as the results found by Wadhwa et al. [29] . Previous studies have stated that the dimensional stability of alginate is multi-factorial [14, 28] and can be related to the storage time and conditions of the material constituents, or even to the pH during the gelation reaction. There is little available information on the factors related to the dimensional stability of new extended-pour alginates. Storage conditions are known to be significant [28] , therefore the impressions in this study were stored in an environment with 100% humidity and at room temperature (20°C ± 5°C).
Guiraldo et al. [11] observed that disinfection does not alter the impression material when the option is immediate pour, this was also observed in this study, in which impressions with immediate pouring did not present significant changes. However, our results suggest that disinfection may alter the dimensional stability of Cavex at different pouring times, since the group disinfected showed alterations within 24 h, against 72 h for the nondisinfected group. The Jeltrate groups, however, presented stability until late pouring (72 and 120 h).
Fernandes et al. [8] concluded that thirdgeneration alginates present alteration similar to that of vinyl polysiloxane after 96 h of storage time; however, they suggested immediate pouring, confirmed by this study, because despite the alginates being latest generation material, statistical differences bet ween t he Cavex ColorCha nge (extended pour) groups were detected after 24 h of storage, with disinfection, as well as in the Jeltrate Plus (conventional) groups starting at 72 h [10, 11] .
Nowadays, t he literature results ca n be described as controversial. While some authors have defended immediate pouring [15, 25] , storage for 10 minutes [26] or even 4 h when stored in medium humidity and 2 h in medium dryness [19] , others have demonstrated that some alginate can be poured later [7, 23] . Our results demonstrated that Jeltrate Plus could be disinfected and poured up to 24 h after taking the impression without significant dimensional changes. On the other hand, Cavex ColorChange should be poured in a shorter period of time or else another disinfection process should be used.
In this study, Jeltrate Plus with 72 and 120 h of storage presented significant dimensional changes compared to the immediate and the 24-h groups. Regarding the Cavex ColorChange alginate, there was a statistically significant difference in the 24-h storage group, returning to dimensions similar to the initial ones at 72 and 120 h. These variations, with significant differences for the conventional alginates and with a tendency to return to the initial dimensions after 120 h for the extended pour, were previously detected by Imbery et al. [14] , who considered that correct storage might produce impression dimensions stable enough for diagnostic models, acrylic device manufacturing, and possibly structures for removable partial prostheses.
Thus, although short pouring time is not deemed necessary for latest generation alginates, as they have extended pouring time, short storage time is still the ideal [18] . In addition, several variables should be considered as influencing the final result, such as those inherent in the mouth environment (such as presence of saliva or blood) and in storage conditions (temperature and humidity). The absence of such variables can be considered a limitation of this study and require evaluation in future clinical trials.
Conclusion
Within the limits of this study and based on the results obtained, the conclusions are:
• Disinfection with sodium hypochlorite 1% spray carried out according to the standards presented in the literature does not alter the linear dimensional stability of irreversible hydrocolloids for the same pouring time;
• Both materials were dimensionally stable for 24 hours, however Cavex ColorChange should not be subjected to sodium hypochlorite 1% disinfection to obtain the model within this timeframe; • Storage time inf luences the material linear dimensional stability.
